Introduction
============

Head and neck cancers are the sixth most common cancer type affecting 650,000 people and causing 350,000 mortalities per year, worldwide ([@b1-mmr-22-01-0286]). Oral cancer is the most common type of head and neck cancer ([@b2-mmr-22-01-0286]). Annually, \~7% of cancer-associated mortality in males and 4% in females is attributed to oral cancer ([@b2-mmr-22-01-0286]). Oral squamous cell carcinoma (OSCC) is one of the most common malignant oral cancers. In recent years, the rapid development of the cancer stem cell (CSC) theory provided a novel understanding of tumorigenesis ([@b3-mmr-22-01-0286]). The CSC population possesses characteristics associated with stem cells, including self-renewal and exhibits high *in vivo* tumorigenicity and differentiation potential, in addition to multidrug and apoptotic resistance ([@b4-mmr-22-01-0286]--[@b6-mmr-22-01-0286]). CSCs additionally have the capacity to promote tumor metastasis and progression, and have been identified in multiple types of cancer ([@b7-mmr-22-01-0286],[@b8-mmr-22-01-0286]). Side population (SP) cells exhibit low fluorescence characteristics following staining of CSCs with Hoechst 33342 and flow cytometry analysis, and thus may be sorted ([@b8-mmr-22-01-0286]). Kondo *et al* ([@b9-mmr-22-01-0286]) isolated SP cells from C6 glioma cells (0.4%), B104 neuroblastoma cells (0.4%), HeLa carcinoma cells (1.2%) and MCF7 breast cancer cells (2.0%), suggesting a small population of SP cells in multiple cancer cell lines. Additionally, the sorted C6 SP cells were found to generate SP and non-SP cells under certain conditions and share a number of characteristics with CSCs; in particular, they possess the capacity for tumor initiation and express stem-like genes. The SP cells in OSCC have been investigated previously in certain studies. The percentage of SP cells vary in different OSCC cell lines, ranging between 0.2 and 9.8% of the total cell population in the cell lines ([@b10-mmr-22-01-0286]--[@b14-mmr-22-01-0286]). The SP cells isolated from Tca/cisplatin, SCC-25, SCC-55, SAS or OECM1 cell lines have tumor stem cell phenotypes, including high tumorigenicity, differentiation ability and/or chemoresistance ([@b10-mmr-22-01-0286]--[@b13-mmr-22-01-0286]). However, to the best of our knowledge, the role of SP cells in the Tca8113 cell line has not been assessed.

Aldehyde dehydrogenase-1 (ALDH1), CD44 antigen (CD44) and CD133 antigen (CD133) are the most common markers of CSCs. CD44 is highly expressed in numerous types of CSCs ([@b10-mmr-22-01-0286],[@b15-mmr-22-01-0286]). The transcription factor Nanog is activated when CD44 binds to hyaluronic acid, promoting cell self-renewal and pluripotency ([@b16-mmr-22-01-0286]). Additionally, Nanog activates the downstream multidrug resistance gene 1 ([@b15-mmr-22-01-0286]). The expression of CD133 in OSCC is significantly higher than in normal tissue and benign tumor ([@b11-mmr-22-01-0286]). Furthermore, Zhang *et al* ([@b17-mmr-22-01-0286]) identified a small subpopulation (1-2%) of CD133^+^ CSCs that may confer chemo-resistance in OSCC. ALDH1 is a cytoplasmic enzyme that is able to oxidize acetaldehyde to carboxylic acids ([@b18-mmr-22-01-0286]). Elevated ALDH1 expression in OSCC tissue is associated with local recurrence ([@b19-mmr-22-01-0286]). ALDH1 is also a potential marker of CSCs in numerous solid tumors that are associated with poor clinical outcome ([@b20-mmr-22-01-0286]--[@b23-mmr-22-01-0286]). However, it is not clear whether ALDH1 is one of the CSCs markers of oral cancer. It has been reported that ALDH combines with CD133 to confer a high tumorigenicity in liver or ovarian CSCs ([@b22-mmr-22-01-0286],[@b24-mmr-22-01-0286]). In addition, patients with oral leukoplakia harboring co-expression of ALDH1 and CD133 exhibited a high risk of malignant transformation to oral cancer ([@b25-mmr-22-01-0286]). As documented, different CSCs markers are expressed in the SP cells derived from different OSCC cell lines ([@b10-mmr-22-01-0286]--[@b13-mmr-22-01-0286]). Therefore, it is necessary to detect the specific markers in Tca8113 SP cells.

In addition, microRNA (miRNA/miR) are non-coding single-strand RNA molecules of 19--25 nucleotides, which are involved in a series of important processes, including cell proliferation, differentiation and apoptosis. An increasing number of studies have demonstrated that miRNA is involved in various tumors development process, including OSCC. miR-375, miR-127, miR-137 (hypermethylation), the miR-200 family and miR-205 are promising candidates associated with OSCC ([@b26-mmr-22-01-0286]). Overexpression of miR-155, let-7i and miR-146a are associated with tumor progression and metastases ([@b27-mmr-22-01-0286]). However, the involvement of miRNAs in SP cells is unclear.

In the present study, the proliferation ability, expression of stem genes and CSCs markers were compared between SP cells and non-SP cells. Differential miRNA expression profiles in Tca8113 tumor stem cells were detected by microarray analysis. These experiments provided a more comprehensive understanding of the biological characteristics of SP cells.

Materials and methods
=====================

### Cell lines and cell culture

The human OSCC Tca8113 cell line \[provided by the cell bank of the Chinese Academy of Sciences (Beijing, China)\] was cultured in Dulbecco\'s modified Eagle\'s medium (DMEM)/F12 (Gibco; Thermo Fisher Scientific, Inc.) containing 10% fetal bovine serum \[termed serum-supplemented medium (SSM); Gibco; Thermo Fisher Scientific, Inc.\] in 5% CO~2~ and saturated humidity at 37°C ([@b28-mmr-22-01-0286]). The cells were digested with 0.25% trypsin (Hyclone; GE Healthcare Life Sciences) containing 0.02% EDTA for 5 min followed by centrifugation (Eppendorf) at 400 × g for 5 min at 4°C. Subsequently, the cells were cryopreserved and stored in a freezer (Sanyo Electric Co., Ltd.) at −80°C containing 10% dimethyl sulfoxide (MP Biomedicals, LLC), 20% fetal bovine serum and 70% DMEM/F12 culture medium ([@b29-mmr-22-01-0286]). Prior to use, cells were resuspended in a 37°C water bath for 1 min and cultured in 4 ml SSM overnight.

### Isolation of SP cells by Hoechst 33342 fluorescence activated cell sorting

Tca8113 cells were washed with PBS, digested by trypsin, and 1×10^6^/ml cells were collected. Subsequently, 5 µg/ml Hoechst 33342 (Sigma-Aldrich; Merck KGaA) was added at 37°C for 90 min. In total, 25 µg/ml ATP-binding cassette (ABC) sub-family G member 2 inhibitor verapamil ([@b30-mmr-22-01-0286]) was added in advance as the negative control. Upon staining, the cells were centrifuged for 10 min at 4°C at 150 × g to discard the supernatant, added to 500 µl PBS with 10 µg/ml propidium iodide and sorted by flow cytometry. The dye was excited at 351--364 nm and the fluorescence measured with a 515 nm SP filter and a 608 long pass edge optical filter. The SP and non-SP cells were collected and counted under a light microscope (×200).

### Sphere culture

Following sorting, SP and non-SP cells were placed in ultra-low attachment plates under stem cell conditions by culturing in serum-free medium (SFM) containing 10 ng/ml epidermal growth factor (EGF), 10 ng/ml basic fibroblast growth factor (bFGF) and 1× B27 with 5% CO~2~ and saturated humidity at 37°C.

### Cell proliferation and scratch-wound assays in vitro

The SP and non-SP cells were digested by 0.25% trypsin, and filtered using 40-µm nylon mesh. Subsequently, cells were seeded in 96-well plates (5×10^3^ cells/well in the cell proliferation assay; 2.5×10^4^ cells/well in the wound scratch assay), and 200 µl DMEM/F12 was added in complete medium in an incubator with 5% CO~2~ at 37°C. A 96-well wound maker was used to test the wound-healing rate ([@b31-mmr-22-01-0286]). Data from the cell proliferation and scratch-wound assays were collected every 2 h for 42 h and analyzed using the IncuCyte Zoom Live-Cell Analysis System (Essen Bioscience).

### Colony formation assay

The SP and non-SP cells were digested in 0.25% trypsin and filtered using 40-µm nylon mesh. Subsequently, cells were seeded in 6-well plates at a density of 200 cells/well and incubated at 5% CO~2~ and 37°C for 14 days. Following the formation of colonies visible to the naked eye, the cell colonies were washed with PBS and subsequently fixed with 4% methanol at room temperature for 15 min, followed by incubation with 0.5% crystal violet at room temperature for 30 min and rinsed with deionized distilled water. The number of colonies was counted.

### Flow cytometry to detect stem marker-positive cells

Sphere-forming SP cells and non-SP cells at 1×10^6^/ml were collected and washed with PBS. After centrifugation at 400 × g for 15 min at 4°C, cells were fixed in pre-cooled ethanol at 4°C overnight. On the next day, cells were washed with PBS, and incubated with FITC-conjugated anti-ALDH1 antibodies (1:100, Beijing Biosynthesis Biotechnology Co., Ltd.; cat. no. bs-10162R-FITC); PE-conjugated anti-CD133 antibodies (1:100, Miltenyi Biotech, Inc.; cat. no. 130-111-079); APC-conjugated anti-CD44 antibodies (1:100, eBioscience; Thermo Fisher Scientific, Inc.; cat. no. 17-0441-81) at 37°C for 1 h in the dark. Subsequently, flow cytometric analysis was performed to detect the CD44, CD133 and ALDH1 positive cells in the sphere-forming SP cells and non-SP cells using a flow cytometry (FACSCalibur; BD Biosciences). Additionally, the sphere-forming SP cells at 3×10^5^/ml were seeded in SSM for 14 days to induce differentiation. Furthermore, the proportions of CD44, CD133 and ALDH1 positive cells were determined following differentiation.

### Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

Total RNA from SP cells and non-SP cells was extracted using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.). An ultraviolet (UV) spectrophotometer was used to detect the concentration of RNA by measuring the optical density (OD)260. The OD260/OD280 ratios of 1.8--3.0 were required. In total, 1 µl 500 ng/µl RNA was used for cDNA synthesis, according to the manufacturer\'s protocol. RT was performed for one cycle under the following conditions; 37°C for 15 min and 85°C for 5 sec using the RT System (Promega Corporation). The RT reactions contained 1 µl RNA, 2 µl 5X PrimeScript Buffer, 0.5 µl PrimeScript RT Enzyme Mix, 0.5 µl Oligo dT Primer, 0.5 µl Random 6-mers and 5.5 µl RNase Free dH~2~O.

qPCR was performed using a StepOne Real-Time PCR System (Applied Biosystems; Thermo Fisher Scientific, Inc.) with One Step SYBR PrimeScript RT-qPCR kit II (Takara Bio, Inc.). The primer sequences for POU class 5 homeobox 1 (Oct4), nanog homeobox (Nanog), SRY-box 2 (Sox2), ALDH1 and CD133 are presented in [Table I](#tI-mmr-22-01-0286){ref-type="table"}. qPCR was performed under the following conditions: 95°C for 10 sec; 40 cycles of 95°C for 5 sec; and 60°C for 30 sec. The qPCR reactions contained 2 µl cDNA, 10 µl FastStart SYBR Green Master, 0.8 µl forward primer, 0.8 µl PCR forward primer and 6.4 µl RNase Free dH~2~O. To quantify alterations in gene expression, the 2^−∆∆Cq^ method ([@b32-mmr-22-01-0286]) was used to calculate the relative gene expression following normalization using the expression of GAPDH.

The SP cells were placed under SSM condition for 14 days to induce differentiation. The gene expressions were examined in non-SP cells and in SP cells prior to and following differentiation.

### Western blot analysis

Cells were first lysed with radioimmunoprecipitation buffer (Cell Signaling Technology) and 5 µg of proteins were separated using 10% SDS-PAGE gels and transferred to a polyvinylidene difluoride membranes subsequent to cell protein concentration quantification with a Bio-Rad assay kit (cat. no. 5000002; Bio-Rad Laboratories, Inc.). The membranes were blocked in 5% non-fat milk at room temperature for 1 h and incubated with primary antibodies; rabbit polyclonal anti-ALDH1 (1:200; Santa Cruz Biotechnology, Inc., cat. cat. no. sc-50385), rabbit polyclonal anti-Oct4 (1:200; Cell Signaling Technologies Biological Reagents, Co., Ltd., cat. no. 2750), rabbit polyclonal anti-Nanog (1:200; Santa Cruz Biotechnology, Inc., cat. no. sc-33759) rabbit polyclonal anti-Sox2 (1:200; Santa Cruz Biotechnology, Inc., cat. no. sc-20088), and GAPDH (internal control; 1:200 Santa Cruz Biotechnology, Inc., cat. no. sc-20358) at 4°C overnight ([@b33-mmr-22-01-0286]). Following washing three times in TBS/0.1% Tween-20, the membranes underwent hybridization with a horseradish peroxidase-conjugated ant-rabbit secondary antibody (1:1,000; Thermo Fisher Scientific, Inc., cat. no. A24531) for 1 h at room temperature. Signals were subsequently visualized with the Beyo Enhanced Chemiluminescent Plus detection kit (Beyotime Institute of Biotechnology). The relative level of protein expression was measured based on densitometry using Gel-Pro Analyzer version 3.0 (Media Cybernetics, Inc.).

The SP cells were cultured under SSM condition for 14 days to induce differentiation. The protein expressions were tested in non-SP cells and in SP cells prior to and following differentiation.

### miRNA expression profiles in Tca8113 SP cells

Total RNA was isolated using TRIzol^®^ (Invitrogen; Thermo Fisher Scientific, Inc.) and miRNeasy mini kit (Qiagen GmbH) according to the manufacturer\'s protocol, which efficiently recovered all RNA species, including miRNAs. RNA quality and quantity were measured using nanodrop spectrophotometer (ND-1000; NanoDrop Technologies; Thermo Fisher Scientific, Inc.) and RNA Integrity was determined by gel electrophoresis. The miRCURY™ Hy3™/Hy5™ Power labeling kit (Exiqon A/S) was used, according to the manufacturer\'s protocol, for miRNA labelling. The Hy3™-labeled samples were hybridized on the miRCURY™ LNA™ Array (v18.0; Exiqon A/S) according to the manufacturer\'s protocol. In total, 25 µl mixture from Hy3™-labeled samples with 25 µl hybridization buffer were denatured for 2 min at 95°C, incubated on ice for 2 min and subsequently hybridized to the microarray for 16--20 h at 56°C in a 12-Bay Hybridization Systems (NimbleGen Systems, Inc.). Scanned images were imported into Axon GenePix Pro 6.0 software (Molecular Devices, LLC) for grid alignment and data extraction. Replicated miRNAs were averaged and miRNAs of which intensities ≥30 in all samples were selected for calculating the normalization factor. Expressed data were normalized using the Median normalization ([@b34-mmr-22-01-0286]). Following normalization, significant differentially expressed miRNAs between SP and non-SP cells were identified by Volcano Plot filtering. Hierarchical clustering was performed using MultiExperiment Viewer software (v4.6; The Institute for Genomic Research, Rockville, MA, USA) ([@b35-mmr-22-01-0286]). The genes targeted by the differentially expressed miRNAs were predicted, and the protein-protein interactions (PPIs) between these proteins/genes were further predicted based on text-mining and public databases including Gene Ontology, KEGG, Pfam and InterPro. The predicted miRNA-gene relationships and PPIs were utilized to establish a miRNA-gene-gene regulatory network. The PPIs in the network was statistically analyzed by computing centered Pearson correlation coefficient ([@b36-mmr-22-01-0286]), and the PPI number of each gene (that is, the number of genes interacting with a certain gene) in this network was counted.

### Statistical analysis

Data were derived from at least three independent repeats for each experiment. Statistical analysis was performed using a Student\'s t-test or χ^2^ test to compare differences in values between the SP and non-SP cells using SPSS 20.0 (IBM, Corp., Armonk, NY, USA). The results are presented as the mean ± standard deviation. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### SP cells in Tca8113 cell line

SP cells were sorted by flow cytometry following Hoechst 33342 fluorescence staining. As demonstrated in [Fig. 1A](#f1-mmr-22-01-0286){ref-type="fig"}, SP cells in Tca8113 cells accounted for 0.70±0.22%, significantly increased compared with 0.10±0.03% following treatment with verapamil, a selective ABC transporter inhibitor (P\<0.05). Verapamil, a calcium channel blocker and non-specific inhibitor of ABC transporters, has been shown to inhibit SP generation ([@b37-mmr-22-01-0286]).

Sorted SP and non-SP cells were cultured under stem cell conditions (SFM containing EGF, bFGF and B27). After 10 days, the SP cells formed obvious spheres ([Fig. 1B](#f1-mmr-22-01-0286){ref-type="fig"}); however, non-SP cells were barely able to survive. Therefore, for the biological morphology observation, SP spheres were collected, resuspended and cultured in SSM for differentiation; whereas, sorted non-SP cells were directly cultured in SSM. Following culture for one day, the SP cells demonstrated slender protrusions and loose connections between cells compared with the non-SP cells ([Fig. 1C](#f1-mmr-22-01-0286){ref-type="fig"}).

### Proliferation, migration and colony formation ability of SP cells

The results of IncuCyte Zoom demonstrated that the proliferative capability of SP cells was increased compared with the non-SP cells (60.0% confluence compared with 35.1% confluence after 40 h growth; P\<0.05; [Fig. 2A](#f2-mmr-22-01-0286){ref-type="fig"}). The scratch-wound assay demonstrated that SP cells migrated to the center after 42 h, and the wound density was 55.2%, significantly increased compared with non-SP cells (47.5%; P\<0.05; [Fig. 2B and C](#f2-mmr-22-01-0286){ref-type="fig"}). To further evaluate the proliferative capacity of SP cells and non-SP cells, the colony formation assay was applied to detect the reproductive capacity of the cells. The number of colonies formed from SP cells was significantly increased compared with non-SP cells, which was 43.1±9.2 and 33.0±8.2, respectively (P\<0.05; [Fig. 2D and E](#f2-mmr-22-01-0286){ref-type="fig"}).

### Expression of stem cell markers CD44^+^, CD133^+^ and ALDH1^+^

As presented in [Fig. 3A](#f3-mmr-22-01-0286){ref-type="fig"}, cultured SP or non-SP cells were incubated with anti-ALDH1, anti-CD133 and anti-CD44 antibodies together, and subjected to flow cytometry analysis. The results revealed that there were no significant differences, regarding the percentage of CD44^+^ and CD133^+^ cells between SP and non-SP cells. [Fig. 3B](#f3-mmr-22-01-0286){ref-type="fig"} demonstrated the percentage of only ALDH^+^ cells of cultured SP or non-SP cells following incubation of anti-ALDH1, anti-CD133 and anti-CD44 antibodies together. The percentage of ALDH1^+^ cells was markedly higher in SP cells compared with in non-SP cells at day 0 (7.1% vs. 0.5%). When SP cells were placed into the SSM differentiation condition for 14 days, the percentage of ALDH1^+^ cells decreased to 0.5%, which was similar to the non-SP cells (0.6%). Similar results were obtained following three independent experiments. There were a significantly higher percentage of ALDH1^+^ cells in SP cells compared with non-SP cells prior to differentiation (P\<0.01; [Fig. 3C](#f3-mmr-22-01-0286){ref-type="fig"}).

### Evaluation of expression of stem genes and CSCs surface markers by RT-qPCR and western blotting

The mRNA expression of Sox2, Oct4, Nanog, CD133 and ALDH1 were detected by RT-qPCR. The results demonstrated higher mRNA expression levels of ALDH1, Sox2, Oct4 and Nanog in the SP cells (P\<0.05; [Fig. 4A](#f4-mmr-22-01-0286){ref-type="fig"}), and the expression of CD133 exhibited no significant difference from the non-SP cells (P\>0.05; [Fig. 4A](#f4-mmr-22-01-0286){ref-type="fig"}). This was further confirmed by western blotting. Compared with the non-SP cells, the protein expression levels of ALDH1, Nanog, Oct4 and Sox2 were higher in the SP cells ([Fig. 4B](#f4-mmr-22-01-0286){ref-type="fig"}). When the SP cells were placed into the SSM differentiation condition for 14 days, SP cells seeded in SSM and non-SP cells had the same mRNA (P\>0.05) and protein expression levels ([Fig. 4C and D](#f4-mmr-22-01-0286){ref-type="fig"}).

### Differential expression of miRNAs in SP and non-SP cells

Prior to miRNA expression profiling, the quantitative detection was conducted using a UV spectrophotometer. The OD260/280 values of the SP and non-SP cell samples (each type of sample had three repeats) were about 2.0, and the values of OD260/230 were \>1.8 ([Table II](#tII-mmr-22-01-0286){ref-type="table"}). GenePix Pro 6.0 was used to identify 34 miRNAs that were significantly differentially expressed, of which, 21 miRNAs were upregulated and 13 miRNAs were downregulated, based on a fold change \>2.0 and P\<0.05 threshold in SP cells compared with the non-SP cells ([Fig. 5](#f5-mmr-22-01-0286){ref-type="fig"}). The miRNA-gene-gene regulatory network was constructed, involving 5 miRNAs (has-miR-140-5p, has-miR-3686, has-miR-92b-5p, has-miR-582-5p and has-miR-627-5p) and 176 genes ([Fig. 6A](#f6-mmr-22-01-0286){ref-type="fig"}). The number of genes in this network was obtained ([Fig. 6B](#f6-mmr-22-01-0286){ref-type="fig"}). The PPI number of each gene in this network was counted, and the top five genes with high PPI numbers were epidermal growth factor receptor (EGFR), integrin subunit α 2 (ITGA2), protein kinase cAMP-activated catalytic subunit β (PRKACB), cyclin dependent kinase (CDK1) and cyclin D1 (CCND1), which require further investigation.

Discussion
==========

During the last decades, the existence of CSCs has been identified in hematopoietic cancers in addition to a variety range of solid tumors, including breast, brain, lung, colon, prostate, head and neck, and other cancer types ([@b38-mmr-22-01-0286],[@b39-mmr-22-01-0286]). Mackenzie ([@b40-mmr-22-01-0286]) identified that only a small number of cells in the OSCC had the ability to clone. Locke *et al* ([@b41-mmr-22-01-0286]) observed that even the long-term culture of human OSCC additionally contains different types of cell subsets *in vitro* with normal oral epithelial stem cells and transient amplifying cells, which correspond to a small group of cells with stem cell-like characteristics. Although the study of CSC in hematological malignancies and specific solid tumors has progressed, the methods of isolation and identification of CSCs still require optimization as a number of CSCs surface markers have not been identified.

The percentage of SP cells vary in different OSCC cell lines, ranging between 0.2 and 9.8% of the total cell populations in the cell lines ([@b10-mmr-22-01-0286]--[@b14-mmr-22-01-0286]). With regards to the Tca8113 cell line, Zhang *et al* ([@b10-mmr-22-01-0286]) reported a percentage of 0.2%. In the present study, the Hoechst 33342 staining demonstrated that \<1% Tca8113 SP cells were sorted, confirming only a small fraction of the number of SP cells is present in the Tca8113 cell line.

Cell proliferation and migration ability were recorded using IncuCyte Zoom, thus enabling the determination of cell growth with high accuracy during live cell imaging, and eliminating the requirement for destroying cellular structures for other methods. The results of the imaging demonstrated that compared with the non-SP cells, SP cells derived from the Tca8113 OSCC cell line exhibited increased proliferation, colony-forming and migration ability. In the present study, the expression of CSC markers, including CD133, CD44 and ALDH1, were investigated in the sorted SP cells. A small subpopulation of CD133^+^ CSCs in OSCC cell lines (including SCC-016, SCC-076 and SCC-29B) had been isolated in a previous study, and CD133^+^ CSCs demonstrated high clonogenicity, invasiveness and tumorigenicity ([@b17-mmr-22-01-0286]). The stem-like SP cells derived from the Tca/cisplatin OSCC cell line exhibited a higher expression level of CD44 compared with the non-SP cells ([@b10-mmr-22-01-0286]). Chiou *et al* ([@b13-mmr-22-01-0286]) additionally identified SP cells in the SCC-55 OSCC cell line that overexpressed CD44 ([@b11-mmr-22-01-0286]). However, the present results demonstrated that there was no significant difference in CD133 and CD44 between SP cells and non-SP cells derived from the Tca8113 cell line. This different expression pattern of surface CSC markers may be due to the different cell lines of OSCC. Notably, the results of flow cytometry demonstrated that the ratio of ALDH1^+^ in SP cells was increased \~10 times compared with non-SP cells. Additionally, overexpression of ALDH1 mRNA and protein in SP cells was detected by RT-qPCR and western blot analysis. To the best of our knowledge, this is the first study demonstrating the overexpression of ALDH1 in the stem-like OSCC SP cells. When the SP cells were incubated with SSM for 14 days, the percentage of ALDH1 was decreased between 7% and \>1%, similar to the ordinary tumor cells. These results suggested that following culture in SSM for 14 days, the cancer stem-like SP cells were differentiated and, thus, no longer exhibited CSC properties. Furthermore, the Sox2, Oct4 and Nanog gene regulatory network have a role in the negative feedback loop in maintaining human embryonic stem cells ([@b42-mmr-22-01-0286],[@b43-mmr-22-01-0286]). The present study used cell proliferation, scratch and colony formation assays, flow cytometry, and RT-qPCR to detect mRNA and protein expression; the present results demonstrated that SP cells possess characteristics of CSCs.

Microarray analysis of miRNAs identified 34 miRNAs associated with SP cells in Tca8113 cell lines. The microarray results suggested that 21 miRNAs exhibited high expression of tumor stem cells and 13 miRNAs exhibited low expression, and they may serve a role in the regulation of cell differentiation. There are specific miRNA expression profiles in CSCs, which provided relevant information for the establishment of a novel miRNA-based approach for diagnosis and treatment of OSCC ([@b44-mmr-22-01-0286]). miRNAs are an abundant class of small non-coding RNAs, consisting of \~22 nucleotides that negatively regulate gene expression at the post-transcriptional level by blocking mRNA translation or degrading target mRNAs ([@b45-mmr-22-01-0286]). The interaction between the genes in the network was statistically analyzed, and EGFR, ITGA2, PRKACB, CDK1 and CCND1 genes were in the top five genes in the miRNA regulatory network. EGFR is most notably regarded as a cancer-associated molecule. Overexpression of EGFR activated a number of principal pathways that were crucial for tumor growth, progression and survival ([@b46-mmr-22-01-0286]). Elevated expression of EGFR has been demonstrated in oral cancer and is frequently associated with poor clinical outcome ([@b47-mmr-22-01-0286]), thus representing a potential target for treatment. ITGA2 is one of the integrins involved in epithelial-mesenchymal transitions (EMT) ([@b48-mmr-22-01-0286]). EMT is an important process associated with tumor metastasis ([@b49-mmr-22-01-0286]). ITGA2 has been reported to have a role in multiple cancer types ([@b50-mmr-22-01-0286],[@b51-mmr-22-01-0286]). It has been reported that expression of ITGA11 in cancer-associated fibroblasts alters the tumor behavior of OSCC cells ([@b52-mmr-22-01-0286]); however, the role of ITGA2 in OSCC has not been investigated previously, to the best of our knowledge. Targeting ITGA2 may improve the efficacy of treatment for patients with OSCC. Future studies may aim to investigate the 34 genes investigated.

There are a number of limitations of the present study. SP and non-SP cells were cultured in individual conditions (SFM and SSM), which may affect results. To describe the characteristics of SP and non-SP cells further, the cells require culturing in the same conditions following sorting and subjected to further analysis. Secondly, the results of the miRNA array have not been validated by PCR, which should be conducted *in vitro* and *in vivo* in further studies. Thirdly, although there was no significant difference in CD133 mRNA expression level between SP and non-SP cells, the expression of CD133 at the protein expression level requires investigation.

In conclusion, SP cells in Tca8113 demonstrated increased capability of proliferation and colony formation compared with non-SP cells *in vitro.* Stem cell markers were overexpressed in SP cells compared with non-SP cells. In total, 21 miRNAs were upregulated and 13 miRNAs were downregulated in SP cells compared with non-SP.
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![SP cells from the Tca8113 cell line are sorted. (A) SP cells in Tca8113 cell line were sorted by flow cytometry following Hoechst 33342 staining. The selective ATP-binding cassette transporter inhibitor (50 µm verapamil) was used as negative control. (B) Representative images of sphere of sorted SP cells on day 5 and day 10 following culture under stem cell conditions (serum-free medium containing epidermal growth factor, basic fibroblast growth factor and B27). Magnification, ×40. (C) Morphology characteristic of non-SP cells and SP cells. Scale bar, 50 µm. SP, side population.](MMR-22-01-0286-g00){#f1-mmr-22-01-0286}

![Verification of cell proliferation, migration and colony formation efficiency of sorted SP and non-SP cells. (A) Cell confluence of SP cells and non-SP cells. (B) Relative wound density of SP cells and non-SP cells. (C) Scratch test results of SP cells and non-SP cells. The green region represents the area without cells; the blue region represents the area with migrated cells. Magnification, ×10. (D) Colony forming assay of SP cells and non-SP cells. (E) Colony formation efficiency of SP and non-SP cells. \*P\<0.05 vs. non-SP cells. SP, side population.](MMR-22-01-0286-g01){#f2-mmr-22-01-0286}

![Expression of ALDH1, CD133 and CD44 prior to and following induction of differentiation in SP cells. SP or non-SP cells were incubated with anti-ALDH1, anti-CD133 and anti-CD44 antibodies together, and subjected to flow cytometry analysis. (A) Percentage of ALDH1^+^, CD133^+^ or CD44^+^ cells in non-SP and SP cells prior to (day 0) and following differentiation (day 14). During flow cytometry analysis, Left, cells were analyzed for the expression of ALDH1 and CD133; Middle, cells were analyzed for the expression of ALDH1 and CD44; Right, cells were analyzed for the expression of CD133 and CD44. All these were conducted in the same population of SP or non-SP cells. (B) Percentage of only ALDH1^+^ cells in the same population of non-SP and SP cells in A prior to (day 0) and following differentiation (day 14). (C) Percentage of ALDH1^+^ cells in non-SP and SP cells prior to (day 0) and following differentiation (day 14) after three independent experiments. \*\*P\<0.01. ALDH1, aldehyde dehydrogenase-1; CD44, CD44 antigen; CD133, CD133 antigen; PE, phycoerythrin; APC, allophycocyanin; SSC, side scatter; SP, side population.](MMR-22-01-0286-g02){#f3-mmr-22-01-0286}

![Expression of stem genes detected by RT-qPCR and western blotting. (A) Expressions of ALDH1, Sox2, Oct4, Nanog and CD133 mRNA by RT-qPCR in SP and non-SP cells. (B) Expressions of ALDH1, Sox2, Oct4 and Nanog protein by western blotting in SP and non-SP cells. (C) Expressions of ALDH1, Sox2, Oct4, Nanog and CD133 mRNA by RT-qPCR in SP and non-SP cells following differentiation by culturing in serum-supplemented medium for 14 days. (D) Expressions of ALDH1, Sox2, Oct4 and Nanog protein by western blotting in SP and non-SP cells following differentiation by culturing in serum-supplemented medium for 14 days. \*P\<0.05, \*\*P\<0.01 vs. respective non-SP. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; ALDH1, aldehyde dehydrogenase-1; Sox2, SRY-box 2; Oct4, POU class 5 homeobox 1; Nanog, nanog homeobox; CD133, CD133 antigen; SP, side population.](MMR-22-01-0286-g03){#f4-mmr-22-01-0286}

![Hierarchical clustering analysis. Samples SP 1--3 represents SP cells numbering from 1--3; samples non-SP 1--3 represents the non-SP cells numbering from 1--3. Red represents relatively high expression levels of molecules; green represents with relatively low levels of expression. miR, microRNA.](MMR-22-01-0286-g04){#f5-mmr-22-01-0286}

![The miRNA-gene-gene regulatory network and important genes. (A) The miRNA-gene-gene regulatory network was constructed. (B) The PPI number of each gene in this network. miR, microRNA; PPI(s), protein-protein interaction(s).](MMR-22-01-0286-g05){#f6-mmr-22-01-0286}

###### 

Primers for the polymerase chain reaction assays.

  Gene      Primer (5′-3′)                    Size (bp)
  --------- --------------------------------- -----------
  OCT4      Forward: CTTGAATCCCGAATGGAAAGGG   206
            Reverse: CCTTCCCAAATAGAACCCCCA    
  NANOG     Forward: AAGGTCCCGGTCAAGAAACAG    237
            Reverse: CTTCTGCGTCACACCATTGC     
  SOX2      Forward: TACAGCATGTCCTACTCGCAG    110
            Reverse: GAGGAAGAGGTAACCACAGGG    
  ALDH1A1   Forward: CTGCTGGCGACAATGGAGT      89
            Reverse: CGCAATGTTTTGATGCAGCCT    
  CD133     Forward: GGCCCAGTACAACACTACCAA    75
            Reverse: ATTCCGCCTCCTAGCACTGAA    
  GAPDH     Forward: GGTGAAGGTCGGAGTCAACG     
            Reverse: CAAAGTTGTCATGGATGHACC    

OCT4, POU class 5 homeobox 1; NANOG, nanog homeobox; SOX2, SRY-box 2; ALDH1A1, aldehyde dehydrogenase 1 family member A1; CD133, CD133 antigen.

###### 

Prior to microRNA expression profiling, the RNA quantification and quality assurance were determined.

  Samples        OD260/280 ratio   OD260/230 ratio   Concentration (ng/µl)   Volume (µl)   Quantity (ng)   QC result (pass or fail)
  -------------- ----------------- ----------------- ----------------------- ------------- --------------- --------------------------
  SP cells       1.95              2.05              641.82                  40            25,672.80       Pass
                 1.90              2.15              387.47                  40            15,498.80       Pass
                 1.94              2.28              398.44                  40            15,937.60       Pass
  Non-SP cells   2.04              2.24              818.34                  40            32,733.60       Pass
                 2.06              2.22              990.04                  40            39,601.60       Pass
                 2.08              1.97              888.39                  50            44,419.50       Pass

SP, side population; OD, optical density; QC, quality control.
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